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ABSTRACT 

In a diecusaion of- the crieia in graduate education 
in the sciences and engineering, focus is on factors that threaten 
African capability to produce world-class science in universities- 
While finance! play a part, the causes are Ijasically structural — the 
rigidity of university faculties, steaeing froa a significant 
•1^an«ioii in tenured positionSr and the scarcity of new faculty * 
^sitiona for younger doctoral scientists and engineers* After a 
cepid growtfi^n univeCelties, due to the post-*ar baby booe and a 
growing, affluence, federal support declined fros •»2 percent in 19167 
to 23 percent in 19 75. Meanwhile cost inflation eroded the value of 
the dollar; austerity budgets were, iapleiented, and sclents and 
engineerlnq felt the squeeze. More recently the federal governnent 
has increased its basic research Tundings (^p labout percent in 1972 
oonirtant dollars)* College enfollaent is expected to peak in 1990, 
with about 7^ M eillion degree students enrolled in colleges and 
universitiesj however students enrolled in sciences and engineering 
are 4own 12 percent froa 197 3, It is suggested that the problem, of 
tenured fjaculty niqat be set by a governaent incentirve prograa for 
faculty who decide to eabark on a second career well before 
f^etireient age. Other solutions are grants that would free university 
•on^y tt> hllre. young facult'y aeebejcs or the creation of resea3;ch 
institutes funded hj ind,ustry, with tax incentives. (PHR)^ 
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Demog r aphics, Dollars and Di fficulties in Graduat e Education . v 

Gopd afternoon, . ' 
^ I want to thank Dean Zaffaraup for his kin(f invitation to share your 
hospitality today.* • - 

\ft-1s n\y purpose talk to discus^ some of the broader dimensions of 

what Is sometimes loosely called the crists in graduate education in the • , 
sciences and erigineering. ' ^ 

^ The crisis concerns a number of interactinc^f actors which threaten in the 
next 10 or 20 years' to ey)de our national capacity to do world-class scj^ence 
iV our universities! It is jn the universities that 55 percent of alVour basic 
scientific research is performed, and in disciplines like chemistry d6ctoral / 
(candidates contribute to more than half- of the research reports, ' . 

It is- sobering to reflect that most of our fellow Americans would think it 
odd for us to worry about the vitality of American science, Oust last mcl'ih> 
American investij^ators won every Nobel award 1h the scienccs~-in physics, , 
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chemistry, medicine and e<ionom1cs. to exact. Still another Atnerlcnn won the 
«w*rd tn letters- What more compel liny testimony could one adduce to the 
Ut^^gth of our science and our system of higher education In UTe sciences 
- w^-'tnK)W that appearances can deceive. We are part of something 

whfcW has been labeled the "knowledge 'industry" and If we are to pursue this 
metaphor a bit further, the(i I believe w^ must acknowledge that our presont 
appearance of good health and prosperity may be supremely deceptive, (he 
dividends we are generating today represent a consumption of capital, and we ^« 
are plowing back too Itttle to produce futur^|^ Income. 

When the Dean Jnvlted me to visit Aines^ he suggested that ,an appropriate 
topic would bo the Impact of federal funding on graduate education. However 
I am taking the liberty of enlarging the area of discussion. As we shall soe 
whIU federal funding Is^a major year-to-year factor Itv.graduate education; 
for the l^ong pull It Is not the only onp-nor the most Important. / 
^ I believe we. are dealing with a constellation of factors wh1ch> 'together 
define a problem that Is more Structural .than financial. It Is a problem that 
cannot be solved simply through 'additional infusions of resources within the 
existing framework of federal support for graduate and postdoctoral education 
in the sciences ancK engineering, even were such on appfoach to become politically 

reallstlQ. • • , 

\ - ' ■ • \ ' 

Let me list the components of the problem from ii\y'own viewpoint. These 
are dollars, of course, but also demographic tVen(|l6, the rigidity in university 
faculties stemming from a ^igni f icant expansion in tenured posi tiops , vind the 
scarcity of now faculty position^ for youruje>^ dactoral :,ciontists' and engineers. 



If we C9n wrecMte the interaction of these elements, and the long-term threat 
t jth^ present to the vitality of our basic research apparatus, then I believe 
we can begirt ttylevelop constructive new approaches to alleviate some of. the " 
worst features of our situation^ 

^ 

But first I would like to review some recent history. Surely the piit- 
/ standing fact has been the explosive growth 1n science and engineering degrees. ■ 
( ^ Annual awards of bachelor decrees in these f1eldl.surged from 121,000 in ^mO, 

to 295,000 In 1975, The award of masters degrees Increased from 20,000 .to 
^ 54,000 annually during the same period, and doctoral awards Increased fvpm aboOt 
6,000 to m9re than 18,000, 

" This rap1(l c^rowth In the s<:iences and ertgineeririg w$s< part^ a vast 
expansion in college enrollments for degrees of all types, and in turn rested. ' 
upon demographic faxitors^ The first of the wartime and postwar babies had 
reached the 18-year cohort by the eariy 1960s, and this fact plus rising 
affluence did wondrous things for college enrollments. It 1^ noteworthy that 

science and engineering degree? helcf roughly constant at 30 percent of the 

^ ■ ' / I 

total of all bachel6r and first-professional degrees awarded during the 

*• \ 
1960-75 per1(*d» while the absolute number .of all degrees in these disciplines 

■ f<?creased strongly during the period. • *^ 

As a consequence of this educational commitment to the technical dis- 

cipllnes. our total number of scientists and engineers dojkbled during the 1950s 

to 1.2¥ni1on, and reached 2.0 million in 1971, Including 270,000 at the 

doctoral level. At a later point I will focus more precisely upon this gmup 
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for they represent the most higfyly-trciinod men and women of their professions 
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It fsNlhey Who must 'p»"ov1de the'lea'tiership for our scientific coninunity, and 
becaA^ almost 60 percent of our. science ^nd engineering do.aorals pursue thefr 
cal1\ng within the higher education system, I deem It particularly appropriate 
to dwel] on their well-being In this forum. 

To return to history, however, a^second fact to consider is the trdjoctory 
of resources available during this perlo't) of rapid buildup to support graduate^ 
level education In the science^ and engineering, as well as basic research in 
these disciplines. Focusing on the latter poUt first, total ^tlays for 
basic research In the universities multiplied six- fold In curr,ent dollars ^ 
between 1960 and 197,5, when the outlay amounted to about $2. 4. billion" The 
federal share of this support, about 70 percent at tJie' beginning of the 

: " - .- ^ 

period, expanded to a p^ak of 76 'percent in 1968, tNjt thereafter fell back' to 

\^ * 

about 71 percent in lV5-or, approximately $1.7 billion ' ' 

■ The pifcture q^ows much ^leaker when we appily the GNP deflator and ^ook at the 
numbers in terms of 1972. constant dollars. On this tiasis, we see that growth 
'In university outlays for basic research essentially stopped dead in 1970, 
and since then total outlays have te\ided to contract. It is obvious that the 
federal goverQment has played a significant role in this development'. After 
peaking at more than $1.'5 billion in 1968, the federal" d^ntrlbution to 
university basic research has decli nod about 5 per'cont, resuUTVig in a 1975 
level of about $1.4 billion in constant dollar$:"~~ ^ 



^he statistics "ar^ even more|^heerless when we consider the pattern of 
support for '.graduate, /Science students, 1%7 th6> Jederal government provided- 
42 pejljc^nt of the support of full-time graduate students in^the sciences by • 
means of suc^' mechanisms as fellowships, traineeships , research, assistantships , 
and training grants. By 1975, the government 's 'contribution had fallen to 



23 percent and It was supporting only aUout 48,000^ gradua te science students. 

Here Indeed ;1s h federal ^flipact qn graduate education, and on the'conduct 
of basic research as welT. I believe we can trace this c6ntract;lon to the 
•convergence, of several f^»ctors. There was a sharp reduction in the volume* of 
basic research supported by the Defenj.^ Department in the late 1960s 
which was =^ot<«Rtimy offset by Increased" support from NSF. and the Department 
of Health, Education and WeTfare.v^ There ^as- a stubborn cost Inflation which 
eroded the value of current dollar outl^o's by more than their year-to-year 
increase, particularly after 197K There was a serine of "austerity" budgets 
designed to cope wfth thts Inflation by reducing aggregat^conomlc demand, 
and the science and education community foyhd Itself particularly vulnerable * 
when It came to passing out the cuts. ' . ' 

^ But fundamentally, I belteve the end o> growth in the slxtl^es. was inevltabl 
and that It reflected a perception that we had overbuilt our ^duca^ianal ' 
plant In t\e sciences,^ that we were producing too many sctent\|sts and engineers^ 
^for the available carpers In these disciplines'^, and /hat continued growth at 
^he hi^dy r^te of the earl1erJ960s could no longer be justified in terms of' 
national security needs, ^ .. 

So much for the^ dismal history of our present ii tuation.^ow "l woultT^ 
like to return to the central line of discussion. We are copcerned wi<th the 

Kit ^ J. 

factors shaping the future of graduate education in* science and enginLring- 
factors which also/threaten the vitality of basic research conducted within our ' 
universities. YoJwill recalT that these factors include dollars, demographics, 
rigidity Ih^the composition of faculties, and the ''sca^i.ty of Vacuity positions - 
for younger scientists ahd engineers. 
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< A» for the dollar outlook', I nm happy to iiiform you thiit the federal ■ 

funding pattern has now turned upward sllVt'y. In the budget request | 
. for jthe 19;7 fiscal year, the AdmfMstna^on asked th^ Congress for $2.5 
^bnilon to support, all b/sic research sciences ajid eogineertng, ^n 

increase' of 7. 4 percent over , the prevfoiisAear, and a tma]] increase/ 
in consUnt do'llars. V/hile^we have not letyroje^^ the impact 'i^f this on 
^baVic research spending Within the universities, it i^ fioteworthy that the 
Foundat4on's portion of totaV Federal basic research funcHng has increased \rpni 
$541 million ;in the last fiscal year ta $^12 mfllion in the current year. 
This is an a>dvance of 13 percent in current dt)nars, a/)d an advance of about ^ 

6 percent 'iiM 972 constant dollars. ^ / . 

• • * 

Now let us turn to the demographic factor. As v^e have s-een, this was 

the raairr driver in the ppansiye 1960s. Wha.t» impact will it \\^ve in the 1980s? 

As we track the 18-year cphort^-t+ie age of keenest Interest to the college , 

deans. of frdmissiort-we see that we have almost reached the peak 'in e^r post-war 

opulation. In faV:t, tKis.^^ill arrive "in 1979 when ttils group will total 4 3 ^ 

\ .1 ♦ ^ . 

million, about 60 percent^ greater than in 1960. thereafter the/ounfber of 18- 
^' • * ' - ' " ■ ♦ 

ycar-olds decreases,*- by 1990, for exaiiip^, we anticipate fewer than 3 -5 ) ' 

millfon in this age group. As might be expected,^ the 23-year johort -the age' 

i of i^nterest to graduate schools -wi 11 peak in 1984, then turn downward in the 

same fashion. ' ) • 

^ y- : . 

j , -What will this mean far college- enrol llft^nts7 ^he filatfonal C(Niter for 
Education Statistics^ of HEW predicts a peak of 7.''^ mi 1 1 i>)n dog^^cc-credi t 
students enrol led 'in 'foup-yiTar colleges and universities in 1980, about 20 

t 

^erceVft of them gi^aduate students': As for the numbers of students pursuing 
• advanced degrees iji,.the sciences and engineering, thtj^ National Science founqia- 
^ 'tion projects a tota\ of about 210,000 by 1985, J5 percent below the peak 

Lie < . ^ ' ^7 \ . /i 



reached In 1970, ^Our worst case is In the physical sciences, where 'enroll- ' 
ment peaked «t 41,000 In 1968 and had ^lreac(y declined ^,bout 1? percent by 1975. 
The projected 1985 enrollment for advanced degrees In physical science^ Is- - 
expected to be about 55 pprcent't)elo|/ the 1968 peak. ' ^ 

Of course, university^ faculties are'ntjtjnfnune to these'demand flVtuatfons. 
' The Foundation projects a probable faculty level of about 230,000 in the science 
and engineering disciplines In 1985, ^ibout 7 percent be lov/ the ^ 972 level. 
Again the physica*! sciences: present th^ worst case-a falloff of about 25 percent 
oVer the period, , ' V ^ 

The po|nt I want to emphasize here Is that the demand for the services 
of science and engineering facul1;y U essentially fixed by demographic trends, ^ 
and there is little that governiyent policy or the i|ivers-ities can do to alter ' 
this.ciroumstancef To the extent we have any flexibility at all. it is mainly 
on the supply side of the equation. Here we a^[e^ concerned witTT the ways 
universities and faculties respond to this reduced detnand, and the impact of^ 
this response on university ^mployment opportunities for younger science and 
engineering doctorals.' What we are seeing is that faculty supply elastocityy 
/such as it is. falls almost entirely on thetjunior, un'tenured PhDs - ' 

Three -sets^^fstat^^stics are instructive with-respect to current faculty • 
, trends. One shbws a steady decline of "youn^ doctoral s-'-tho^e holding doctoral, 
c|egrSes for seven years or le^s--in science and engineering faculties. . {etween 
1968 and 1975. they dropped from 42 percent to 27 percent of the t<^al on these 
faculties, and -in physics they droppel from 40 percent to 19 percent. The- 
second statistical trend is the substantial increase in the proportion of ' ' 
tenured faculty in the science? ahd engineering; by 1974, this- had reached " 
overall aA^^rage o^ 70 percent, with physics at 78 percent and choniical) 



engineering at a high of 81 percent. The third, and one I m'sure none of u5 . 
wantXoyeli on, is the relentless increase) In factf^y age. We show an' 
increase from 40 to 44 .^e^trs in the rnedial( age of all science and engineering 
faculto< between the y^ars 1969 and 1973 

•It is this concentration of tenared science and engineering faculty' in 
^the'middle years which is causing us- increasing concern. In the physical 
/ sciences,- for ex«1e, we find 80 percent of the doctoral faculty was Hinder 
the age of 50 in 1^3, «nd almost 95 percent were below the age of 60, When 
we combine this age structure with the anticipated decline in fotal faculty, we 
see that we f?c0* the prosp^ of limited attrition of tefured faculty in the'' 
years iimiediately aheAd^anct Itrtiited possibilities for transl^jting this ' 
attrition^nto the appointment of new, young doctorals why mtst, of cour^," 
Mck up the torch if we are to maintain a viable basic research capabi 1 ity -in 
our universities. In this situation, one naturally begins to think of options 
to assure a smoother flow qf yoUnfler doctorals Into faculty posltiofis. One ' 
opportunity for this Is the nld-career shift for' tte Ln or€„a„ who would 
tike to strike out In new directions, but who Is many years away from.^etlrement. 
Such mid-career shifts would fh<>e up fa.cultjK posiUons for Junior doctorals . 

Bu^-when we examine the possibijities of mid-career shifts for senior 
faculty, we iirmediately-run^ into^a major obstacle-^helcharacteristics- of the 
private retirements plaih in which most faculty participate. Many of the older 
pla^S'specify a fixed retfremont age. . usually 65 or 70, before the benefits " ' 
are.availabl^. Increasingly, the newq- >)lans contain eariy retirement provisions 



but th€ty InvftrlatVy exarct > substantial financial penalty on the faculty member 
who elects this opt1on» usually about 6 percerV^^ for each year of premature 
retlreiftent. Considering the diflerenti at between Salary forgone and the 
reduced pension and spc^^il security benefits, we find that faculty retiring at 
age '62 rather than the usual age 65 incur a flnar^cjal penalty of as much* as 
25 percent. V . 

However, we are not really concecned w1t/fear)ly retirement per se , because, 
this has Httle^potentlal far solving our problem. There are simply too few 
senior doctoral sclentlstsiapproaching the age of 60 or 62. tven If they were 
to retire a few years early, this would 'tiot open a significant number of 
vacancies foK junior faculty -members. This Is why we focus on mid-career 
opportunities for facul tywl th many^.product1ve years ahead of them. It Is here 
that we see that -thp private retirement arrangements constitute a major barrier 
to career decisions which many qf our senior faculty might otherwise conteniplate. 
To keep the plans viable until a proper retirement age is reac-hed, the contribu-r 
tions to the plan must be continued. But who is to carry this burden? The 

dlpaMr^ng faculty member? The university wKich has lost the services of the 

« 

faculty member and which is almost certainly, under financial strain? Or the " 
new employ^, if in fact ther^ is one? ^ 

Here/, perhaps, is a possible role^for the federal govrernment. One can 
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VisuaJ/ze an incentive program for fatuity \iho decide to .embark on a sect)nd 
ca/eer well before retirement age. In this program the government miqht 
contribute at least a portion of the funds ^eccssary to maintain the individual's 
retirement plan, and only oncondition that the vacated position is made available 
to^a younger s,c1ent1st or engineer. But how is such a program to be administered? 

•C 
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If open to an, what woul (J prevent thft departure of tHe most valued faculty 
mombers-perhaps to ||her universities vvhere we are also trying to create 
spaces for younger faculty.- On the other hand, If t*e plan Is to be made 
selective, how can this' be m6de equitable? ' 

I have gone Into some detail on this because I want to emphasize that we 
. are. dealing with a xfomptex situation which lies well b^yond the reac'h of the 
federal government- though the government can make a s1gn1f1car\t contribution. 
. There Is little we can do about demographics, of course. As for university- 
faculty relationships and a host of lifdivldual career decisions, these are the 
very stuff of our academic freedoms. The federal government cannot simply 
'^uy" A solution j^th dollars, because the sQ.lut1on 1n,^th^ end must be worked 
out In the universities. However, I am hopeful that the government can play - 
art Important role In easing the neceSsar>^ transition to a more flexible and 
responsjve Insti tut1ona4^arrangemen't, and that In this way we can maintain 
the continued vltaT^ of our>nat1onal kftowle^e base aod,tfi^ey^nl^al basic 
^ research capablli,^ In our untverslties . 

With' this cav^ajt in mind, I would like to suggest one or two additional 
« ■ . ' * • / 
approaches we might con-si der- for making mid-career shifts more attractive for 

senior f^lty, and in the process freeing up university positions for junior ' 
faculty. ' ' . ^ H ^ 

■ Vie might, f^or example, institute a program of Serj.ior Research Scientist 
Grants for outstanding and productive scientists. Such a grant, equivalent to 
perhaps one-half the indivldyal's regular salary, wouTd- permit him or fier to 
devote -full time to research pro/ects, while, remaining ctn a university faculty. 



A condition of the arant wo(nd require thot the university use the n-le.sed ' ' 
«1«ry funds to Mr. , young faculty mmb,r to pick up the teaching l„,d i. 
previously carried by the senior scientist. If „e were Z Instltu^such , * 
program on . pilot b,s1,/Th, Inltl.V awards .Ight range up to $25.00o' annually 
- for a five-year period, with the possibility of a one-time renewal for an 
additional five years. 

A second area of Interest concerns the basic research needs of our major 
industries. We have" traditionally tended to conpartmentilH^e our apprdach to 
basic research In ter^s of who Is perfonning the work. Vet the commodity remain, 
the same: Industry 1, a maj^ consumer of basic research results, and Its 
needs run far beyond those H can b« reasonably expected to supply qn an 
In-house basis. ' 

It seems to me that we may profitably consider the needs Jfstr _ 
of university faculties on the one hand, and IndustrUl consun^rs of basic 0 
research on the oth^r. for we may find.slgnlflcant complementarities whe"«e a 
small Investment will exert a high degree of leverage In terms of attractt.w 
senior faculty Into , a return to Vull-tlme basic research. l' have In mind',- 
possibilities 1fke-t^9.^reat1on of research l^ltutes whlch'enjoy some Indusjtry 
participation but , Mh^fch remain under unlversl^ Tax Incentives • . 

. might be helpfdi In ihe creation of such InstltHes.' as^ell as a suggested new 
.■Foundat1(w policy, to expand support for cooperative basic research -projects 
tonijutted by joint Industry-university groups. ' ' ' 

, ' do n|t pretend that" these approaches will "solve" our'nlidanu^ntal 
pr))blem of ialntalnlng the strength and creativity of our scientific research 
■it levels, io which we have happily become accustomed, Like the laws of physics,, 
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<NK>gr,ph,c t^nds.tena to be Vat«er .Inflexible. The Nobe, PHzes we harvest^ 
today .rebooted. ,n ^p,c,Hy coaducte^ ,5 ye,rs or so ,n the p,st. and 
, we ca„„oV.re.Hst,cr,y expect that the lien's, share of these coveted .ward. • 
Wtn cpnOnue IgavUably.and automaticany to flow ,„ ouf dfrectfon. 
• , . On the- other hand. I do not share s«ne of ^h. deeply pe^s.^lstlc se,.ti,„e„ts 
voiced by a w,de cross-section of bas^^s.a,chers as to the futur, of basic 
.".search irf^our Institutions ;of Higher learning. However .^I an, .ost ' 
Impressed by the concern In the academic co„.un1ty that we are no longer attracti 
the ablest young people to our d,sc,pl,nes-not because they are "turned off" 
Of thd^ tough disciplines, but because they perceive little opportunity-^^V.' 
advance In then, even If they master the difficult regimen. 

• one thing we absolutely must do .,s think more systematically about 
science ,n the 1980s and ,?90s-the last two ^ades of this century 
In fac*r the foundation Intends to mobilise the scientific con^unity 
to participate as widely as possible In a searching InpulVy of scientific ' 
' and capabilities during this period. Me want to consider 

, potential intellectual developments' in science during the last t.vo ' ' 
decades of this century.- changes within the science establishment affecting' 
Hs future s.trength and its ne.ds for public resources/and fi„a,„ ' 
.possibility that economic, soci'al and technological problems may arisl' 

which drive future knowledge demands and technical 

" - lecnnical manpower needs in new 

.nd unaccustomed directions. We are now studying a number of options 
for the conduct of this exhaustive study.,„d , am. h6peful that it will 
. eventually provide us with important insight: for tHe' handling of the 
somewhat narrower problem we are mscussing today. 
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At the very^*1t.tmuni.> am confident that this major Jtudy win help us* 
. avoid the mistakes df the past.so that we will not aga1n.be blind-sided by 
anything as obvious as ajlemographic trend. And. I am confident ' 
that we will bp-able to: find solutions to the problem I have discussed today- 
how to prevent a gafof 10 years or so In the Introduction of substantial 
, numbersof young doctoral scientists and engineers Into our university faculti 
^\ m also confident that together we will find answers to the broader question 
of how to devise institutional structures Vhich will enable us to meet the 
growing need for scientific research In an era of limited university resources 
, But m,,re than this. I think we must recognise that science and engineerim 
anVhe practitioner, of these professions, continue to enjoy a high level of 
. public respecr and confidence. It is true that public esteem for all Institu- 
tions ahd prqfesslons during recent years has declined in absolute terms. Bui 
recent surveys. by the National Science Board show that relative to others, our 
f" (jwn field has either held its own or gained. 

I believe can draw satisfacti?,, from this because a supportive public 
is crucial to our endeavors. At the seme time, it should remind us that public 
trust Is a thing which must be continuously earned, and that all of us have 
obligation, both to ourselves and to the public Z to .find ways to sustain'the 
vitality and creativity of our disciplines. 



